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Background: Non-fermenting Gram-negative bacteria are unable to ferment sugars in or-
der to generate energy. They are ubiquitous in nature, and have a wide geographic distribu-
tion. They are also common in hospital settings, and may be isolated from humidifiers, ven-
tilator machines, dialysis machines and other equipment, as well as from the skin of hospital
personnel.

Objectives: This study focused on the isolation of multidrug resistant (MDR) non-ferment-
ing Gram negative bacteria from clinical samples. Antimicrobial susceptibility, detection of
extended spectrum B-lactamases (ESBL), and the presence of CTX-M and Metallo B-lactamase
(MBL) in the isolated bacteria were evaluated.

Materials and Methods: Agar dilution method was used to test the susceptibility of the isolates
to 10 antibacterial agents. All the isolates that were resistant to > 3 antibacterial agents from dif-
ferent classes were regarded as MDR (111 isolates) and were selected for further studies.
B-lactamase and ESBL production were detected by nitrocefin discs, combined discs (CD)and
double discs plus CD (DCDT). bla_, ,, and MBL were detected by PCR and EDTA synergy meth-
ods respectively.

Result: Among the MDR isolates the isolation frequency of Pseudomonas aeruoginosa, Ste-
notrophomonas maltophilia and Acinetoacter baumannii were 83.7%, 9.9% and 6.3% respec-
tively. Resistance to imipenem (0.9%) and Ceftazidim (13.6%) was low, but resistance to other
B-lactams was high, and 29.7% were resistant to > 6 antibacterial agents from different classes
simultaneously. B-lactamase was produced by 41.4% of the MDR isolates. Detection of ESBLs
by a CD (59.4%) or DCDT test (46.8%) was not significantly different, but with a combination
of CD and DCDT a higher percentage of ESBLs in the isolates (P < 0.00) could be detected. The
bla_, ,, and MBL phenotype were detected in two different strains of P. aeruoginosa.
Conclusions: The presence of a high percentage of isolates producing ESBLs which are re-
sistant to different antibacterial agents may result in treatment failure in infected patients.
Careful detection of antimicrobial resistant strains is needed in order to avoid underestima-
tion or misidentification of ESBLs. An effective hospital infection control policy is also neces-
sary in order to prevent further resistance to antimicrobials in the region.

Copyright © 2012 Kowsar Corp. All rights reserved.

» Implication for health policy/practice/research/medical education:

Detection of the frequency and type of extended spectrum B-lactamases (ESBL) involved in resistance to antimicrobial agents is
important from a clinical and epidemiological point of view. Reporting the presence of highly resistant isolates of Pseudomonas
aeruginosa producing ESBLs in this area will help physicians to select appropriate antimicrobials for empirical therapy.
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1. Background

Non-fermenting Gram-negative bacteria cannot fer-
ment sugars in order to generate energy. These bacteria
are ubiquitous in nature, with a wide geographic distri-
bution. They are common in hospital setting, and may be
found on the surface of humidifiers, ventilator machines,
dialysis machines and other equipment, as well as from
the skin of hospital personnel (1, 2). The most prevalent
and important non-fermenting Gram negative bacte-
ria in clinical laboratories are Pseudomonas aeruginosa,
which is the leading cause of nosocomial infections, Aci-
netobacter especially A. baumannii and Stenotrophomonas
maltophilia play an increasingly important role as noso-
comial pathogens in compromised patients (1, 3, 4). The
prevalence and rates of resistance in these organisms to
available antimicrobials are increasing (2, 5, 6).

Of particular concern is their resistance to f-lactam
antibiotics, which is usually mediated by pB-lactamase
production. Widespread use of extended spectrum
B-lactam antibiotics has resulted in the formation of
potent enzymes that are able to inactivate many of the
new generation of antimicrobial agents (5). Extended
spectrum pB-lactamases (ESBL) are enzymes with the abil-
ity to hydrolyze the extended spectrum cephalosporins,
such as cefotaxime, Ceftazidime and cefoperazone (7).
ESBL production is often associated with mobile genetic
elements; carrying genes that encode resistance to other
antimicrobials such as aminoglycosides, sulfonamides,
quinolones and trimethoprim (2, 8). These bacteria are
usually multidrug resistant (MDR) due to the presence
of low outer membrane permeability, expression of sev-
eral efflux pumps and the production of extracellular en-
zymes to inactivate antibiotics (2, 5).

In Iran the majority of P. aeruginosa isolates are report-
ed to be MDR, producing various types of ESBLs, such as
TEM, SHV and PER (9-11). Cefotaximases are a new emerg-
ing type of B-lactamases which hydrolyze cefotaxime
(CTX) more than Ceftazidime (CAZ), and in the isolates
producing this type of ESBLs the minimum inhibitory
concentration (MIC) for CTX is generally higher than for
CAZ (8). Although these enzymes are prevalent in Entero-
bacteriaceae, their existence in non-fermenters is very
low (8, 12-14). In Iran the rate of resistance to CTX in hu-
man clinical isolates of P. aeruginosa is very high (9, 10,
15).

2. Objectives

The present study has been performed to detect drug
resistance, beta lactamase and ESBL production and also
to determine the possible presence of CTX-M and MBL
type B-lactamases in non-fermenter gram negative iso-
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lates from hospitalized patients in the south-east of Iran.

3. Materials and Methods

MDR strains of non-fermenting Gram-negative bacte-
ria were isolated from samples of urinary tract, blood,
burns, wounds, or body fluids of patients from three hos-
pitals in Kerman in the south-east of Iran, from Decem-
ber 2008 to September 2009.The isolates that were able
to grow on MacConkey agar (HiMedia. India) but failed
to acidify oxidative-fermentative media overlaid with
mineral oil were considered to be the non-fermenters.
They were identified to the species level by standard bio-
chemical tests and microbiological methods (16). Only
one isolate per patient was included in the study.

3.1. Antimicrobial Susceptibility Testing

Susceptibility of the bacterial isolates to 10 antimicrobi-
al agents including: cefotaxime (CTX), ceftizoxime (ZOX),
cephtazidime (CAZ), cephalexin (LEX), gentamicin (GEN),
nalidixic acid (NAL), tetracycline (TET) ciprofloxacin
(CIP), imipenem (IPM), and trimethoprim - sulfamethox-
azole (SXT) were determined by a standard agar dilu-
tion method. The lowest concentration of antimicrobial
agents which inhibited the bacterial growth was record-
ed as the MIC (17). The isolates that showed resistance to 3
or more antibacterial agents from different classes were
regarded as MDR and were included in this study.

3.2. Detection of B- Lactamases

Production of B-lactamases by the isolates was tested
using nitrocefin discs. ESBLs detection was performed by
the combined disc (CD) method, using discs containing
30pg of CTX, CAZ, or cefpodoxime (CPD) alone or in com-
bination with 10-pg clavulanic acid (18). ESBL production
was also tested by a combination of CD and double discs;
DCDT (13, 18). In DCDT, discs of CAZ, CTX, cefepime (CPM),
and CPD were placed around a disc containing amoxicil-
lin/clavulanic acid (30/10 pg) at a 25 mm center-to-center
distance (Figure 1). Production of ESBL was indicated by
the synergy between the CAZ, CTX and CEF and AMX/CLA
disc. All discs were obtained from Mast (Mast Diagnos-
tics, England).

3.3. Detection of Metallo B- Lactamase (MBL) Phenotype

Bacterial suspensions were adjusted to 0.5 McFarland,
and were subsequently spread on the surface of Muller
Hinton agar. MBL was detected by placing an imipenem
disc (10pg) two cm away from an EDTA disc (10pL, 0.5 M)
and also with an imipenem disc to which EDTA (10uL, 0.5
M) was added (19, 20). The plates were incubated over
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Figure 1. ESBL Positive Strains of Pseudomonas aeruginosa Detected by (a) Combined Disc, CD (b) Double Disc Plus Combined Disc DCDT, Distance Be-
tween Discs was Approximately 25 mm (center to center)

1, CTX, Cefotaxime; 2, CTX/CLA, Cefotaxime/Clavulanic Acid; 3, CAZ, Cephtazidime; 4, CAZ/CLA, Cephtazidime/Clavulanic Acid; 5, CPM, Cefepime; 6, AMX|

CLA, Amoxicillin/Clavulanic Acid; 7, CPD, Cefpodoxime; 8, FOX, Cefoxitin

night at 35°C, enlargement of the inhibition zone >7mm
in the presence of the EDTA in both tests was interpreted
as the EDTA synergy and a positive test (19, 20).

3.4. Detection of Chromosomal AmpC Phenotype

A disc containing cefoxitin (30ug) and another disc
with ceftazidime/clavulanate were included in the DCDT
(double disc plus combined discs) for detection of AmpC
type enzymes [13]. The presence of AmpC B-lactamase in
the isolate with a MBL phenotype was confirmed by Cica-
Beta-Test C (Mast Diagnostics, England) (21).

3.5. PCR Assay for the Detection of CTX B- Lactamases

The MIC ratio for CTX to CAZ was determined for all of
the ESBL positive isolates (CD and/or DCDT). A PCR assay
was performed for the isolates if the MIC ratio of CTX/CAZ
was >2.Plasmid DNA was extracted by a high pure Plas-
mid isolation Kit (Bioneer, Accu PreP Plasmid Extraction
Kit, Mannheim, Germany) and was used as a template
DNA for PCR. The presence of bla_, ,, was detected by PCR
using MA, bla_, ,, forward primer (5- CGCTTTGCGATGTG-
CAG-3") and MB, bla_, ,, reverse primer (5 -ACCGCGATAC-
GTTGGT-3") with an amplicon size of 550 bp (accession
no X92506), that corresponds to the conserved region of
CTX-M1, CTX-M 2, CTX-M 9 encoding gene (22,23). The DNA
amplification program consisted of an original denatur-
ation (94°C for 4. 5 min), 30 cycle of denaturation (94°C
for 50s), annealing (58°C for 50s), polymerization (72°C
for 50s), and an additional polymerization step (72°C for
7 min). PCR products were visualized on 1.2% agarose gel
and stained with ethidium bromide after electrophore-
sis. A100 bp DNA ladder (Roche, Germany) was used as a
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size marker. Klebsiella pneumoniae ATCC 700603 was used
as a positive control and the reaction mixture without
primer and Escherichia coli ATCC 25922 were used as the
negative control in the PCR reaction.

3.6. Statistical Analysis

SPSS version 11.5 (SPSS Inc. , Chicago, 111) for Windows
was used to analyze the data, and a Fisher exact test was
used for the categorical data. P-value of < 0.05 was con-
sidered significant (two-tailed test).

4. Results

In total 111 MDR non-fermenting gram negative bacteria
were collected from different clinical samples. The iso-
lated bacteria were identified as P. aeruginosa (n = 93), A.
baumannii(n=7)andS. maltophilia (n=11). The majority of
the isolates were from female subjects (78.5%) compared
with the male samples (21.5%, P = 0.001). Isolated bacte-
ria from patients with urinary tract infections showed a
frequency of 57.6% which was statistically more common
than the isolates from burns (17.1%), blood (11.7%) or other
miscellaneous samples (13.6%), P < 0.00.

4.1. Antibacterial Susceptibility and B-Lactamase Pro-
duction

Only one sample of P. aeruginosa isolated from the urine
sample of a female patient in an internal medicine ward had
low susceptibility to imipenem, showing MIC of 32 pg/ ml.
This isolate was found to be an MBL producer by both meth-
ods used for the detection of MBL. The second most active
agent was CAZ and 86.4% of the isolates were sensitive to this
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Table 1. Antibacterial Susceptibility of 111 non-Fermenting Gram Negative Bacteria Isolated from Clinical Samples

P. aeruginosa

S. maltophila

A. baumannii

MIC?50/90 ng/ Resistance ‘ MIC?50/90 Resistance ‘ MIC350/90 Resistance Total Resistance No, %

mL No, % pg/mL No, % pg/mL No, %
CTX? 16[64 9 (81.8) 16/128 67(72) 256(256 7(100) 82(73.9)
CAZ?® 4[16 2(18.2) 4/8 8(8.6) 128/256 6(83.7) 15 (13.6)
Z0X? 16[128 6(54.5) 16/128 59 (63.4) 64/64 5(71.4) 71(63.9)
LEX?  512[512 10 (90.9) 512(512 93(100) 512[512 7(100) 111(100)
TET®  4/16 6(45.5) 8/128 56(60.2) 16.128 7(100) 67(60.4)
GEN? 32/64 7(36.6) 4/512 34(36.6) 256/256 6(85.7) 47(42.3)
NAL? 16[256 4(36.4) 32/512 72(77.4) 256(512 6(85.7) 27(24.3)
CIP? <2[2 4(36.4) <2[16 17 (18.3) 128128 6(85.7) 27(24.3)
AMX? 256/256 16 (90.9) 128> 256 93 (100) 256/256 7(100) 109 (98.2)
SXT?  4[32 7(63.6) 4/128 49 (52.7) 2[32 3(42.9) 59(53.2)

3 Abbreviations: CTX, Cefitizoxime; CAZ, Cephtazidime; ZOX, Cefotaxime; LEX, Cephalexin; TET, Tetracycline; GEN, Gentamicin; NAL, Nalidixic Acid; CIP,

Ciprofloxacin; AMX, Amoxicillin; SXT, Trimethoprim-Sulfamethoxazole; MIC: Minimal inhibitory concentration

agent. Resistance to other antibacterial agents ranged from
24.3% for CIP to 100% for LEX (Table 1). The MIC_ and MIC_, of A.
baumannii for all the antibacterial agents tested (except IPM)
were in the resistance category (Table 1), and the mean MIC for
all antibacterial agents except SXT, AMX and LEX was signifi-
cantly higher than either P. aeruginosa or S. maltophilia (P <
0.000, results not shown). In these isolates simultaneous re-
sistance to 3,4, 5 and > 6 antibacterial agents were 17.1%,32.4%,
20.7% and 29.7% respectively.

Resistance toall antibacterial agents was found in 5.4% of the
isolates. The most common pattern of resistance was NAL, TET
and f-lactams. The most frequent pattern of MDR resistance
in P. aeruginosa was resistance to a p-lactams simultaneously
with NAL and TET (26.9%) or with NAL or CIP, TET, SXT and GEN
(21.5%). Nearly half of the isolated A. baumannii showed resis-
tance to R-lactams plus GEN, TET, CIP (42.9%) or B-lactam with
GEN, TET, CIP (42.9%). S. maltophilia isolates showed no special
pattern of resistance. The rate of p-lactamase production de-
tected by the nitrocefin discs was significantly higher in A.
baumannii compared to P. aeruginosa or S. maltophilia isolates
(P<0.001, Figure 2). ESBL production was higher in A. hauman-
nii compared to the other bacterial species tested but the dif-
ference was not significant. A higher percentage of isolates

W: Blactamas positive (nitrocefin test)

th combined disc (CD)

BL positive with deuble disc plus combined diso{[FCDT)
: ESBL positive with both tests (CD and DCDT)

[: ESHL positive by only one test (CD or DCDT).

%isolates with a positive test

Paeuginosa Abaumanni S.maltophila

Figure 2. Percent f-Lactamase and ESBL Production in P. aeruginosa, A.
baumanni and S. malthophila.
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was detected as ESBL producers when the positive results in
the CD and DCDT tests were added together (P<0.007).

4.2. AmpC Production by the Isolates

All of the isolates were resistant to cefoxitin indicating
the possibility of an inducible AmpC type p-lactamase in
these isolates.

4.3. Frequency of Isolation of bla_, , Type B- Lactamases
by PCR
The PCR method for the detection of the bla_, ,, gene

was performed on those ESBL positive isolates with an
MIC ratio of CTX/CAZ greater or equal to 2 (n = 37). The

Figure 3. PCR Amplification of CTX-M Gene in a Strain of Pseudomonas
aeruginosa

->1000bp

ssobp 2 ©00bp

=>500bp

>100bp

Lane M,100bp Ladder, P-Positive Control (Klebsiella pneumoniae ATCC700603),
N- Negative Control (E. coli ATCC 25922), and S; Sample Run in Duplicate.
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results showed one P. aeruginosa strain to be CTX-M posi-
tive (Figure 3).

5. Discussion

The incidence of multiple drug resistant clinical iso-
lates of enteric and non-fermenting Gram-negative rods
from clinical samples in Iran is increasing (24). Multiple
drug resistant bacteria are a major cause of life threaten-
ing infections for patients dealing with them (1, 6). In the
present study resistance in non-fermenting Gram-nega-
tive rods to p-lactams was very high and approximately
98% of the isolates were resistant to cefoxitin, cefepime,
cephalexin and amoxicillin. Resistance to cephalexin
and amoxicillin is very common in non-fermenters and
they do not effect Pseudomonas (25). Cefepime is among
the fourth generation of cephalosporins and is widely
used to treat severe infections caused by P. aeruginosa,
in addition cefoxitin which is grouped in the second
generation of cephalosporins also has a good response
against Pseudomonas (26). Resistance to these agents
could be due to the low outer membrane permeability of
non-fermenters. Production of AmP C type B-lactamases
is the other resistance mechanism, however these kinds
of enzymes usually have a minimal effect on the activity
of cefepime (25, 27). Clinically isolated strains of Pseudo-
monas which are resistant to cefepime but sensitive to
CAZ have also been reported by Aubert et al. (28). The inci-
dence of cefepime resistant, ceftazidim sensitive isolates
is due to the production of class D- -lactamases, or over
expression of the efflux system (29). Cefepime resistance,
ceftazidime sensitive isolates, as well as GEN and CIP re-
sistant phenotypes found in this study could be due to
the stable over expression of the efflux system MexXY in
P. aeruginosa (25, 29). Since the bacterial isolates in this
study were mostly sensitive to CAZ but resistant to CPM,
studying this type of resistance may identify the mecha-
nism of resistance to p-lactams and many other antimi-
crobial agents in these bacteria.

Carbapenems are still active against many strains of
non-fermenters, although resistance to these agents is
increasing (2). We detected only one IPM resistant isolate
in our study. This isolate was resistant to all antibacte-
rial agents tested and was positive for MBL phenotype
by both applied methods. Isolation of the IPM resistant
strain in this study has significant clinical benefits both
in the treatment of infections caused by these bacteria
and in restricting the use of these types of antibacterial
agents in order to avoid the emergence of further resis-
tant isolates.

ESBL detection by the CD method detected a higher
percentage of ESBL phenotypes than the DCDT test, but
the difference was not significant. However the combina-
tion of the two tests was found to be superior and led to
a higher rate of ESBL detection compared to using each
test alone (P < 0.007). Among the various ESBLs types de-
tected so far, the CTX-M type is reported to be the most
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prevalent ESBL in Enterobacteriaceae from various geo-
graphic areas including Iran (26, 30, 31). These enzymes
are not frequently seen in non-fermenters, and for the
first time CTX-M producing P. aeruginosa and S. malto-
philia were reported from the Netherlands in 2006 [13].
In Iran CXT-M positive P. aeruginosa has been reported in
Kurdistan (32). The CTX-M positive isolate in this study
showed no inhibition zone around the disc containing
CAZ, CTX, or CPD with or without clavulanic acid. The
presence of AmpC type B-lactamase by a CICA Beta test
C strip was confirmed in this isolate, which may be the
reason for its resistance to a combination of clavulanic
acid and cephalosporins. Since only one primer was used
in this study and the isolates were selected based on the
ratio of CAZ|CTX, the actual prevalence of CTX-M may be
higher than our findings. Sequencing of positive CTX-M
gene found in this study is required to determine the
type of involved enzyme. More investigations are also
needed to determine the mechanism of high levels of
resistance to cefotaxime and the possible presence of
other types of CTX-M genes that may be involved in the
incidence of this resistance.

In conclusion we found a high percentage of ESBL
production among MDR isolates of non-fermenters in
this study. ESBL production appeared to be a significant
mechanism for the incidence of resistance in these iso-
lates. The selection of an antimicrobial agent in the treat-
ment of infections caused by non-fermenters should be
based on the assumption that AmpC p-lactamase produc-
tion can be induced by certain cephalosporins. Careful
detection of ESBL production in the MDR isolates should
be performed preferably by two methods in order to
avoid misidentification of the ESBLs. Careful choice of
antimicrobial chemotherapy based on the surveillance
programs is necessary to avoid treatment failures.
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